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‘J’ol’ltX/l’[}s(!i(lol]  l’recisio]i  orbit ))clc]”]l]i]l:i(io]~:
“Quick-l, ook” o p e r a t i o n s  and orl)it Vcrific:tt  ion

‘1’llis I)a[w]  lJ[csctIls a SUIt IIIIaIy  uf IIIC ‘1’01’liX/1’f~sciclcltl “quick-look’’”  cJIIJi[
[lCIC[lllilli\( ion allcl wliflua(icm  ac(ivilics.  ‘1’li~: }J]ill]aly  fc:illllc  (J1 Illis CII{IC;IVO1  is
llIal  mljils arc l)I(duccd \]’ill) sIII;ill r;di:il Imi[ion crfots  (- 5  (iii RMS), 011 a
sh(jr(  I)loducli(][l SC IMIUIC (< 4 (l*y\), y;,i[l~  Jlllllilllal IcsfNIILcs.

‘1’IIc ‘i’[)l’liX/l’clsci( lc,[l slNIccc IIi[(, laulwlw~i on 1 0  Au~,IIs! 1992,  I)as ~,;itllclc(l
Inccisc  SG-ICVCI iIICaSLIICIIICI,lS [or ovci Iv, ()  ycals. ‘1’() t:lk.c ;Idv;llltay’ of Illc
(Il]:tlily of llicsc ll)casu[c[[tctl(s, (tic radial  (I[l)i[  COIIIII(II{CII(  Ifiust  {m kliowii (0
Iwl[u Ilm]l ii (Iccilllclc.1.  III otdcl 10 (lid s(~IIIc uorlsliluctl(~  {If llIc scicrlcc d:([a  uscI
cf)r[llllutlily, (~]t~ils  rIIc. p,ctictalcd  :1< quickly as ~mssitjlc,  usilxlly u’i(l]ill  [(Iu{ days.
‘J’l Icsc oll)ils SIIC a l s o  u s e d  f(jl (11~ ]JIodu(  [iotl  of lrt[clilll  (ic.ol)flysical  1):1(:1
Rcc’ol(ls (I(il)l<s). ‘1’lIc l~Iill12[y  Iilltc-littlilillp,  slcl~ in “quick  -lm)k” oll)i[
[Jl(duclioti  i s  (Ilc cf]llc.c(ioll (,[ IIIC (wo way l:t~cr l[:lckit]j[  (I;I1:I Ilc)lll (Ilc woll(l-
widc (( ;ickill~  IIC.IWOI  k. “1’IIc oll,i[s afc also ljscd  foi [IIC vctlflcatiol)  of [Jircisioll
(Jll]il  c[~llc[]lclidcs  (1> 0 1 % )  IIscd 10 I llIc  It]]al [Ilcxfl]clioll  of ~,cx)l)llysical  da{d
tcc(Hds  ((;1)1<s).  III addilion, cslil]l:l[cs  o[lctlll]iric;illy  (Icfltlc(l  11(}1]-:l:tt’il:ilioll;il
acccfcl:lliolls atr sul]l~licd (() IIlc tl:l~’i[:;t:i(]ll  lra III fol [Ilcil  ~,toutl(l-l] ark
]Ilailllcti:lilcc  wlivilics.

‘1’f]csc oll)i(s  aIc callc(f  “h4cdiull] I ’ recision ( )Il)i( Iil]llcl]lc[i[lcs”  01 h4011$. ‘1’f]c
stI;i[c[,,y  ((II lIIc. h40}: is  [o ft( (IIICC (lays of  I:isc[  (ra(ki[li:  (I;tta v,, illl [IIC Ilti(l(llc
[lily t)ci[)~,  (IIc. OIII}J  I)cliod []sr(l fo] l(il)l<s. llcttcc, c:l~f] [l ItCC (I:ly fI[ OVCtIa[)S II]C
l)lccc(lill~, OIIC \,y IWO days. ‘1’l)is (~.ulllliquc I,lovidcs  sotIIc Jlrlll)tltli{y  flor[l  “c[ld
cffccls”  of IIIC f][ wlIc.Ic accuracy i s  Lisuitlly  II()[ a s  lli~,l] ai IIIN[ fof (IIC IIli(l-
[Iot[ioll  of llIc dal:I ale, ‘1’tw VVCII:IIJ also [)it);idcs  a u)rl[illuillf:  (Illali(y  cllcck 011
o]l)i( I)rccisi(]ll  as IIC. W dd[a is a(ldc(l  cacti  d;i~, ‘1’IIc (}tl)il  (Ic[cli]lillalioll  slIalcpy
itjclu(lcs csti]lialill[! llw s[mcccl:tl~  illili:]l  l)(]iilioll  :tlld vcl(x i[y al(~ll~, v.’iltl (Iilily
V: II LICS [01 ;ilor]~-[l;l~k  ~[1(1 ~loss-[tii[k  cill])iljcal  I(]ICCS. A  II I()(IcI su]]]lllaly  ar)(l
oll)il cslill)atioll  Iiisloty atc ~,ivcll.

IN’I’1{O1)ll(:’I’1  0N”

‘1’IIc. ‘l”ol’l{X/1’(JsciclcJ]]  (’1’/1’) sa(clli[c was laIIIIclIcd  011 I(I Auy,us[ 199?, aIId is ill tlIc
I’il]al ycat of its ])iilnaly  ]Ilissioll, will) H [woycal  cx(eIIdd r]lissiol]  atlc.ad  o f  it. ‘]’IIC
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1)01<1S svstcm is composd of’ ail o])boad  mccivcr al)d a lIdwolk  of 40 to 50 fT,mtlnd
tla]lslni[[illp,  s[atio]ls, ]m)vidill~,  all-wcathm  global tmckil}~:  0( [Iic. satcllilc..  ‘1’hc si~,na]s arc
tlalls]ni[td  at two flcxjml]cics  to allow rcnmval  of the cffcc[s 01 iollosplmic free clcc[m]s
ill IIlc tlackil]g  da[a. ‘J’IIc (;l’S1 )1<, :IISO o])clatinr, :It two flc.quclicics,  uses (;1’S diffcmmtial
IaII~,iIIII, fol ])lccisc, coll[illuous  [lacking o f  tlw s]mccclaf[ wittl better ttlatl de.ciltm(c.[
acclll;lcy.

l'l-c.cisi{)]l  c)]l)it c~)l]clllcli  (lcs(1lc1-caflc1  lcfcllc(it(  )z~sl'()l\s  ),:ilc. clcalcclc) llccJ)cI[c1l-
day 12'/-[Jll  ]ilcyclc.,t  l]il[y( lfiys:if(cf-tl~  e.-[lack,li  sitlgtl  lcllollcx  j)clit]]c.[][al  da[a[ypcs,  SIJl<
al)d 1)01<1.s  data. ‘I’llcsc.o  ll)its,ci  c:itc(l;ll  tlIc G(dda[d  Slmcc.lili~llt  CClI[er([iS1iC),  alc
llscd folttlccol]sttllc[io~l”  of the ]nission (;co]d]ysical  I)a(a Rc.colds ((iIll<s). l[atly af[cr
Ialll]cl),  it l)c.c:~l]~cc.vi[ic[]t  tliatj)]  ccisi()ltt  )ll)itsc  () LllCll)c~,  c.llc1:ltc(l quickly ill sul)lmr( of
IIltcl im (icoj)hysical  ])ata l{ccold (I(il)l{) ]Noduc[IoII. 1 klwad (llr  is[cllscll  ])m]mscd that
SIJl<[j;\t:\  l~c. llse,(l  tc)c.()llstl  llct(j:~i]y  fits \\itllilJ35(  lays; if"tcl-l \lc.-llac  k(}<cfc]cllcc  1). 111
additiotl,  ,Sl,l<-o]lly o[l)its would bc. clcatt’d in su]~pol[  of l)oli ])loduc[ioll as a vuifica(ion
tool.

A s]nall tca]n, ]cfc.]]cd (o as (I}c l?cc.isiml  Orbit l)c(cl-[tlit]:iti<)ll  Vilification 11’caIn (l’V”l’)
w a s  i]lcolpora[cd  it]to the ‘1’/1’ fli:,ll[  o~wrations tcaln. ‘1’l]c o]i~,i]lal softwatc  sc.t w a s
asscll)l)lc.d  I)y lXlll-NilIg,  Yuaa of tllc, ‘J’tackitig  ,Sys[c.]ns  an(i Al)j)lications  .Scction,  and tllc.
o~if,inal  tcan] lead was JOC (;uinn of the Navip,at~{)n  SysIcms Scctio[]. At ar]y time during
II)c lnissio]) tl~c Mel{ poduction  lm rcquilcd olll~’ two pcq)lc, witt) one. al~alyst  as the Icad
al)(i tllc olhct as a backup. ‘Il]c [imc dcma[]d  apoll the aDaIys[ is sn)al]; the seven MOlis for
[Ilc wc.ck call coInfoIIal)ly  I)c ctcatcd  and valida[c.(]  duI inp, a IC.{’,LIlaI for(y-l]ou[  wolk wcc.k.
ltl addiliol],  [Ilc sill]])lici[y  of tllc M(lli  poccss Ila< IDadc. it ]mssiblc,  to train l]tl(lclg,la(ll]zitc
c.ll~:incct  i]]~, sludcllts i]] h40f\ ]mxlautioa  daliilg  tllcir suml]m lout {it the lab.

‘1’l]is ]c.pelt docNI]lcNts tlIc successful il]lj)lc]llcllt:itiotl  of IIla( proposal. ‘1’hc “quick-
]ook” 01 I)it (Ictcll]lil]:iti[)]l  cffolt l]as acllicvcxl sl]l)-dcci]l}ctc.l  lcvc] accuracim using  Iasm
[lacking data fol OVCJ IWO ycals. ‘1’l}c oil)il  dc[cI tniilalio]t Itludcls and filtci-  stlatcgy alc
dcsc[i[)cd, alon~,  wi[l] statistics asscssil]p, [lIc. S1 X data collection. ‘1’hc MO]; l)C.I’f(lI’Ill:\  llC.C.

is dcscl ibcd, alollf, wi[l] [I]c l)oli  vcl if]cation cffol Is.

01{111’1” 1)11’1’I!1{N41NA’J’10N  Mol)ltli  S

S1 ,1< tracki]]g data is I1O[ a dimc[ i]lc:~sll[elt~c]l[  of [l~c 01 bital state and is p,c.ncml]y  not
col]ti]luous  in tilllc.. A s  a  Icsal(, dyt]aluica] tqua(iol]s  )VCIC  ]cquimd (o l)NXIUCC  a
colltinums  ]wccisc o[l)it  fo] tl)c I]lissioll. ‘1’o acllicvc (lIC cxI)cctcxl 13-cIn  (global Rh4S)
I adial oll~i(  ac.culacy  fol tllc Illissiol], tliodc]s  w i t h  sub dc.cimctcr  accuracy  wc.rc
ilml Imatcd  into the. solution. Since h401 \ o[bi[s WCJC not nccdcd for predictive puqmscs,
llowcvcr,  it was ]JOSSlblC  to cli]nill:itc.  dclmlldcll~c 0]) ccl[aill IImicls [I)lou:,l)  tllc ]m)pcr
sc.lcctiol)  of an clll])i[-ical  acc.clcra(iol)  IIKdcl. ‘1’hc clil]]ina(ion of (Ilcsc Inodc.]s  sped up (I)C
I)loccssing  ti]nc by a facto[ of tt]mc. “llIc sip,l]ifican( ohit  dc[crlllinatioll  lnodcls  used (and
IIO( USCXI)  for h4011 ]M odud ion am catc.j],u  id in ‘J able ?.



‘1’ahlc 2: Mole Mol)l{l,  oltGANJ7,A’1’10  N”

Modct (htc’fy)l”y MO(1CI USC{] Mode’] N o t  (]SCd
——.. —— .—, ..—

OI)SCI Val)lcs ●  l’llasc Ccnkl Offsc.t
● S p a c e . m f (  At(itudc.

—.—_— .——. ——. ———— -- .—. —— — . . . . —.. . . . . . .
S]mcc.cIaf’l  ])ynalnics b I:iI]itc IIurl] G Attnosjimic  1 hag

● solar l{a(liatioII J’I’cssLlf’c
● Altdo

. -–— —.-—.
(;c.midic Modds ● (kmt[al  IIody l’cltult)atio]ls

● ‘J’hitd-llody l>c.l[tlll):lti[)l]s
● ,Solid-lhr[h  ‘J’idc l)cforlnaliom
● OccaII ‘1’idc  1 ‘ctta rbatims
. Gcnmd Rcla(ivi[y l’cl[ulll:itiolki
● l{ar(h I ota[icm an(l olicn[:ilioa

. ..—. . ..—
11’il[cI ModcJs ●  l>aily ]{slimatcs o f  Co] IstatIt  aIId

--

(hm-]m-od)it accclcralions

ol)scrval)lc  Mo(lcls
l’}/(ILfCf;rIZtCIC/ff\Cf.  “I’llc])llasc  cc.lltcr[)ffsct  (ill as])acc.cl :\lt-flxc.(l  fi:il13c)is  itltc1-jlola(c(l
fl`c)lll:l tal)]c])l`c)vi(lc{]  l>y[llc  SJJaccc!'af(  All:ilysis  '~`ca1l](S]'A'l`). ‘I’]lis [a~]]cis lll~ci:l[cclaflcr
cvc.[y Orbi{ Mail~tc,nanc.c.  h4a1Mmvc1  (oh4M), aII(! is acculalc  10 [Ilc sub-cmltimc[cr  ICVCI.
‘1’tiis ;IccLIIacy  is pat(ially  duc (CI tl~c sIIIall  nla~tlitudc  of IIIC SCICI1 Inancuvcls  that  llavc.
lalicII  [)lacc dulin~  tlm tnissioll.

,VIMIcccILIf[  A tlitde. ‘1’llc s]mccc!aft al(imtm  is altvfiys pointc.(1  niong the local nadir. Whim
(Ilc :{llp,lc.  bctwc.c.11 tllc sujllillc al](l o[bit ])lallc  is glc.atcl’  tllilll .- I 5 dc.g]cc.s,  the spacccl-aft
s[ccls al)otl[ tl]c Tla(iil (this  jN()(lc, is rcfc,Ij~d tO as “yaw s[ccI illfj,”).  wtlcJ) [hc allglc  (110])S

tt[)clc I [I)is lI]a~,[litudc, tl)c Spaccctaf[ y:iw aII~lc.  is fixc.d.  l)ulil][: tt]is d[itudc nlodc (known
as “fixd yaw”), the s])accclaft pcl-fmms an 180” “yaw f“li]). “ “1’lICSC  atli[udc.  rcgi]lms and
Cvc])ls  aw Jnodc.lcd [0 obt:iin  (I1c comet ()] ic.ntatiotl  of [I)c ptlasc cclltcJ offset, based upon
in]mts ])rovidcd by [IIC SI’A’I’.

iS])ii  C(’Cl.  flf( l)ynamic  ~~o(l~]s
1(’i)~i[c 11/()-//. l~oJ tllc production of h401is 011 d:iys WIICIC  aII 0Mh4  took p]acc,  (hc burI~
ivas II1O(ICIC.CI  wi(l] tl]c ~]ol]lillal  bUIJI ~Ia I aIIIc(cIs  supl~]ic(l  I)y [Ilc SI’A’1’ a]ld N A V  tca]n.
0h4h4s  aJc OJ1 []IC oIdcJ’  of 3-5 JllJ1l/s,  and 110 bul’11 I)al”alllc[cfs  aJc csliJllatcd. ‘]’hc accul’acy
cl itcl ior] was n~c[ for MOl\s whicl)  s]MIIrlcd aTI ohlM cvc.JIt,

A[tll[).vl)llcric  l)rdg, ,Vol(ir l(adi(iliml ]’tcssltle,  aIjd Alld[).  (k)] Icc[ivcly, ItlCSc JI1(KIC.]S  WC1’C
kllowl] :is [IIC ‘l’Ol)liX  “M; IcIc)IIIc)(IcI.  ” (Jri:,il]a]ly,  the Macmlnodcl was imludcd ill the.
illitia] S1 ,R-only  od)its (Rcfcmncc 2). S i n c e  MOJ;S WC.IC  IIot JIcc.dcd for prcdic.[ivc
]JUI[)(M.S,  [Ilc M: ICIOIIICKICI was  ICIIIOVC.d,  Ic.d[lci[lf, [I]c  Mel;  ])lt)[luc[ioT~  tiTnc. ‘1’l~c IcInoval
of tllc. h4ac.]oll]o(lcl  lCXIUCC.(1 [IIc.  to[iil n]])til]]e of a tyl)ical two- i[cla{ioll  solution froj]l 145
Il]il]utcs  (0 51 Ininutc,s. ‘1’IIc  resulting noII-IIIodclc(i  accclclatiol)s  were absorkxl  by tllc
cl]l])ii  ical []orl-gl:tvit;ltic~[]:ll  accclc.]zi(io[]  csli]]]:itcs,

(;eodclic  Models
‘1’al)lc  3 sulIIIwu  iy,cs  tlw gcodc.  tic IIKNlcls USC(I.  ‘1’hc y,rcatrst contIibutio]Is  10 the mbit

c.i I(Ji l)ii(l~cl  fmIII tlicx~  II Iodcls COITICS flolil  IIIC ~,~:o]mtcllli:il  IIlt)clcl  (2,.2  CIII) :irid  tllc~solid
:Ili(i c)cc:iII  Iidcs (2.() ci]])J(I<cfclcllcc  3).



‘1’able 3: (;lM)l)IU’IC MO1)lCJ. SUMMARY.—— ——.
Nlodcl t}cscri]}tion

— —  ——
<hltral  l;ody  l’cltllrl):iti[)lls: IGM-2 p,cwpotcl~lia]  mdd

—-- —.-— -—-.—— ,. —.-.—.
‘1’t]ird-llody  l’c.ltllll):tti[>lls: I’oint I)lass SUI), MoorI,  and ]Jlamts
—.—-.—— ——.-_—— .. —. —. —— .-—- _.— . . . . . —.. ._—
‘1’bird-llody 1 ;phcmclidcs: 1)1 ;-200” [S’kmdish,  1 982.]
-. - _____.—-— —— ..— .-— -.. .—.  —-
Solid-l  ;altl]  ‘1’i(ic  l>cformatiolls

—

_- —_ --—
— 1 O’cqllmy 1 )Cpcll(lcllt:  - k?, using Wahr lormulaticm [WC/hr, 1981]
..— . - ———— —— . . . .—— —

I icqllcncy II)dcpcmdcnt: [ .OVC  lllllllh’ (k?,)  = ().3, ]a~ an~,]c  (&) =: ()
. —  — _ _ _  _ - - —  . — .  -  .  — — .  _  . _ .  - _  — —  _ _ _

l’u Il]am]t ‘1’idc Com.dion: Applied to (!20 (A[~20: -1.39 I ( 1 ()-8) pcr unit kz)
_— —__

Occall  ‘1’idc.  l’cl (1II baliol)s: MCI it o(~cai)  tide mode] “-” ““” ‘“ -

[A4dbol(rm? ef (//., 19s3, 1’2/?/(’,s et al., 1982]
——— .—.. .- ..-———-  . . . .— --— ..-. —— —.. . . .— .—
‘1’ilnin~ ald f’olar Motion LJ’J’1 -( J’I’C Cor[ccti  on; X-, Y I’oIc. Cooldina(es
.— -—. ..—
(iclicral Rcla(ivity l’cr(ulbaliol)s: onc-bo({y rcla(ivis(ic pcrluG(iolls  [Moyer, 1;71 ]

-.

‘Illc tiining and lmlar IIlotion inlmts aIc obtaitlcd wcck]y fmm tl]c (Jl]ivcIsily of ‘1’cxas.

K’ilfcr Model
‘]’hc.  fil(cling was I)c.]folmcd  witl~ (he. Mll<A(iJl  (_Multiplc.  ]l~tclfc[oll}ct[ic  l{anging

Ana]ysis  using (;1’S lil]scn]b]c)  softwmc SCI crca[cd  t)y ttlc Navi~,a(iol~  Systems Section at
[Ilc Jcl l’lopulsioll  1,abor:ItoI  y. ‘1’tlc slandard filtcv configuratioli  used for h401i pmduc(ion
is of (tic sing]c.  batch wcigtl(cd Icast squa[cs,  square-mol il)foj  nlation t ypc. ‘1’hc estimate
Iis[ illcludcs  Ihc s])accc[aft state and a daily SC( of five cllJ1~ilical  [~c)ll-~j:ivit:i(iO1l:il
accc]cra[iol]s: a co[ls(anl  downlrack accclc,ralion  and ollcc- Iml-ort)il dow])track  a n d
cross(rack  accclc] atio]ls (cosil]c and sine c.ol])]mncnts). ‘J’hc time lmundarics of the
Cln])irica]  accc]cratiot]s  a[c. IIlovcd to coitlcidc  wi(h s~)acc,crafl  a(litudc cvcllts  (yaw flips,
tlansitiolls (1)/from yaw stcmin~,  etc.). ‘1’his l)lacticc,  wllilc llcul islie, has corlsistcnt]y
yielded I)mrc accurate mbits.  -

‘J’al)]c  4: lWI’IMA”  I’ION I’AIIAMIC’J’IIR NIO1)EI. S

-—
SIXKCCI  aft State at I;.]mcll  - l’ositim
Spaccxraf( Stale al I {poch - Vclocit  y

-.
1 ;I]ll)irical  Accclcraliom

(:ollstallt  IX)wlltlack
OIKX- l)cr-ol bit 1 )owwtrack
[) IIcc-I’cI  - Oll)it  oosstrack

..—. .—_— - ._ .._. —___ _.. —

—- —— —-— ——. .—.
A  ])riori

llnccr(ain~y  (10)

None
NOIIC
N[)Iic

- . .. —— - .. -—.

.0 km

.0 clll/s

-—
A  postcriori

[Inccr(ainty (10)

-1 to 3 cl])
0.01 to 0,03 11)11)/s

0.00 I to 0.()()3 11111/s2
( 1 ())-5 - ( I ())-~ [1111/s2

( I 0)-o - ( 1 0)-s 1)111/s~
—

NoI~lil]ally,  the MOJk aIc ctcatcd claily  fro:ll a tlllcc-day  da[a fit, Solutions f rom
adj:iwl)t  dnys would  tlINs II; IVC a 48-hour overlap. ‘1’l]is ovm in]; lm)vidcd  ail opportu[~i~y  to
lw.lforijl  a quality cllcck  U])OII [lIc, la[tcr  solutiot]. (JIIdcI IloI-IIlal  col}dilions,  [l~c ovc.rla]j
2gIws ill tllc. radial co II Ipo Ilc IIt (0 well [Indcr tell  cc]l[il]lc.tcts.
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h’igurc 1: I’rac(ion  of ‘1’otal S1,1{ l)ata  Rrceivcd A f t e r - ( h c - ’ l ’ r a c k
(Based o n  S a m p l i n g  ‘1’akcn Scp(embcr - l)rcembcr 1994)
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‘1’imc from ot-l~it  to l)ata Rcccil)l (d)

‘1’llc  total I]ulnbc.r  Of passes Icccivcd  cacti  day is also volali]c., with the hOlidays (e.g.
{llis(lmts)  providing the Illillimum  tracking collcdim.  in additio]l , sincm nmst sta(i  Otts arc
1OC:I(CXI  ill (I}c Nor[hcrn 1 lc]nispl)clc,  tl~cIc. $s a sllsccptibili(y  to data outages during  wintcw
stmm. ‘1’his volatility call bc seen in l:ip,urc  2.

‘1’hc wcigllls  used for M()] \ production arc a func(ioa  of s[aliOt] of Origin, and arc based
OD l-ccc)ll~l~~cl~(l:itiorls  ]na(ic  by JC>IIII Rcis of (Ilc LJnivc.rsity of’ ‘1’cxas,  Austill. ‘1’tlcsc.
wcigh(s  Mn~c from 1 .() CII1 tO 100 cnl. C~l)Sl 1< statiOns have well-mOnitOrcd quality
Colltml  On ttlcir data cwllcclio I]; sta(ions flo]l] oll Icr organ  iz,a(iol]s  arc not as s[andardi7,cci.
111 fact, S1 .R passes froln SOII]C fw ci~n stat ioli,s  al c pmcc.sscd O[lly on a volunteer basis.



cs[imatcs; lhc heavy plot Iincs show estimates during  fixccl  yaw pcliods, and the large
Iulllps  irl cslilnatc  valLIcs  cmincidc witt] yaw flil) events. ‘J’hc tcmaindcr  of lhc estimates
look j)lacc during yaw s[ccring regimes.

I’igurc  3: l)aily  Constant  l)owntrack N{}I1-C;ravittitit~I]al  Acccl. E s t i m a t e s
(Ilased 011 Sampling ‘J’akm Septe]nbcr  1994 - January 1995)
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Molt vs. 1’011

I;igurc 4 shows the agrccmcnt  il] [IN radial (ompol~cnt  bctwccn  the 24-hI  period of
validity fol al) MO];  aIICi Illc same. pc.riod  in the co]jcs})t)llcli[l~,  1’01;. ‘1’hc open diammcls
dcIlotc  Mol\s gcncratcd  wit]] three-day data arcs. on  ccr[aill days, dcno[cd by ‘x’ p l o t
Syllltm]s,  t])c low alnollllt Of (Iala  avai]a[jlc  forced IIIC ana]ys( [O ICSOrl  to a loI]gcf (4-7 d a y
data arc) to crca[c  MOIk. “J’hc numtmr  of passes of S1 .1< da[a  I c.ccivd  for each day (from
1 ‘ip,urc 2) is supc{-ilnpwd  UpOD tl}is  plot 10 S]IOW lIIC col-rclatiOll  txtwccII  low clata volunlc
:iIKl  (I1c Occur [-cncc  of lcmgc.r-arc  solu(ions. ltl mosi cases, (hc radial agrccmcn( remained at
llJC subdc.cill]c(cl  lCVC1; only WI]CII tllc  nuI]lbcr  of l)asscs / day dIol)~d  to about five did the
quali(y of agrccil]cllt dctcrioratc. AIIy offsc( bctwccll  (IIC two or Ilils is at the subccntimc[cr
ICvcl.
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1’()]C Vcrificntion with  l,ong-Arc S o l u t i o n s ”

‘1’tw asylnp[otic  lilllil  of lhc ]mdicc of using lollgcr-arc  solu(ims for h401i production is
tllc. clc.:iticJll  c) fcJrlJits  f(Jrl'()l;  vclific.ati()ll.  'l`llcsc orl>its s~l:ll) :\ J] I]r()xilll:ltcly  tcll(l:lys, a1)(i

1()



arc crcatcd close (9 the schcdu]ccl  1)01: dc]ivcry cIotc so as to lmvc lIIC maximum amount  of
S1 ,1< data ]Jossib]c. ];igurc 5 shows (hcraclid  a~,rccmcnt  lmtwccn  (Ilctwo  sets of orbits,
which is m’cll under the dccimctcr  ICVCI.  Again, any bias bc(wccn tile orbits is at the sLlb-

ccnt i meter Icvcl.

Figure 5: RMS Radial l)iffcrwnccs  - I’()]ts vs. Verification Orbits
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Crossover Variances

Molk fulfill (11c  mission rcquircmcn( by kccpillg wi[hin  sub dccimctcr  radial agrccmcni

of IIlc 1’01;. IIut the  ll]orc fu!ldalllcillal  cllal-:lc[clistic  is (Ilc at)ility of the MO1; {O
approximate the tru(h, relative to the l)O1;. “1’o make (his asscssmc.n( tllc spacecraft radial
position is colllparcd  at points  wtlclc  ttlc  groL]nd [tack cmsscs i(sc]f. ‘1’hc Val”iancc  of t]lcsc
vatacs is a IIlcaslllc of orbit cl-m] in an abso]utc  scmsc..  IH l;igulc  6, the solid points show
the rdio of MOl\ crossovc.r  standard clcviation  (() 1)013 c.tossovcr stan(lard  deviation. III
lllost cases, (hc ratio is less tt~an  1.5. l)cviations froln [I)is level usually occur;cd on days
with cxlrcmc.ly low data (refer to l:igutc 4).

As an cxcrcisc, a second sc.t of orbits were gcncratccl  concul-rcnt!y  with the daily
MOIk.  “1’t)csc orbits had tl]c sal~~c data set and estimate list as ttlc MO1is, but contained an
updated tide model 1. ‘1’hcsc olbits  had a Iowcr crossover valiance than their daily MO]i
counterparts, and appear to bc ICSS susceptible to data ou(agc,s  than [tic MOlis.

I I



l~igure  6: RMS Radial  l)iffercnccs - 1’OICS vs. Verification orbits
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‘1’hc I’V’]’ Il:is succcssful]y  met the missio]]  rcquirclncnt  of sub-dccilndcr  accuracy for over
two ad one-half years w-ith minima] rcsoulcc;. ‘1’llc  time.-]imitil]g factor for the creation of
MOl\s is tl]c collection of sufficient S1 .1< data. MOIK  s~)a[]nin~, days with low data totals
:irc gcncrtitcd  by building ]OIIgCI  arcs. ~’llis prac(icc  provides a suitab]c  orbit; only  when
fewer [hall  -5 passes / clay doc,s the quality of’ tllc orbit dctcl io] ate. IJpdatcs of orbit
I]]odcls also in)provcs  (hc mbit quality, indq~cmicjl(  of the alnoullt  of clata  collcctccl.

A[;l{NOWl,ltl)(  ;h41tN’1’S

‘1’hc research dcscribcd iH this paper was carricci  out by [I]c .lct f’repulsion I.aboratory,
California lnstitutc  of ‘1’cchno]ogy,  under cmt]act  with the Na[io])a]  Aeronautics and Space
A(ltt)il)istlati[)]].
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